Abstract
characteristics. Modelling of biological processes is based on assumptions, in part to activation, although Werner et al. (2008) consider the signaling mechanisms upstream 96 of IKK with substantially more molecular detail than Murakawa et al. (2015) . In short, 6 122 specific effects and use the predicted distinct dynamic responses towards incremental 123 alterations of TNFα stimulation strength for an experimental validation of our results. 
127
A: Each model is composed of a core module (red) and an upstream module (blue).
128
The core module is identical in each model but the upstream module differs between 129 model A, B, and C, implementing the A20 feedback mechanisms proposed by (13),
130
(21) and (10), respectively. B: Schematic representations of the three models A-C.
131
Vertical bars separate components in a complex. One-headed arrows indicate the 132 direction of the reaction; double-headed arrows illustrate reversible binding reactions.
133
Dashed arrows represent activation processes; the dashed lines ending in T-shape 134 denote inhibition. The number next to an arrow specifies the number of the reaction.
135
Model equations and the reference parameters are provided in S1 File.
136

Methods
Model structures
138 In order to compare the three distinct implementations of the inhibitory mechanism of 139 A20, we modularly designed three models. These models comprise an identical core 140 module to which different upstream modules are attached (Fig 1A, B) . 143 The overall models are hereafter referred to as model A, B and C 144 The common core module of models A-C (Fig 1B) 253 NF-κB DNA-binding activity was assayed by Electrophoretic Mobility Shift Assay 254 (EMSA) as previously described (25).
255 EMSA quantification was made using the phosphor-imager Typhoon FLA 9500, GE 256 Healthcare. Data were quantified using ImageQuant software. After background 257 subtraction, the NF-κB band was normalized to a respective constant non-specific 258 band.
259
Results
260
Effects of different A20 feedback strengths on NF-κB dynamics 261 As a starting point, we studied the impact of the A20 feedback on the NF-κB dynamics 262 upon a constant TNFα stimulation. To do so, we varied the A20 feedback strength and 263 studied its effects on the temporal change of the concentration of unbound NF-κB 264 (hereafter denoted NF-κB) in all models. The strength of the A20 feedback is varied by 265 multiplying the transcription rate constant of the A20 mRNA (k10) with a factor, i.e.
266 feedback strength. A low value of the feedback strength corresponds to a weak 267 negative feedback, whereas a high feedback strength results in a strong negative 268 feedback. Local sensitivity analyses showed that a variation of the translation rate 269 constants of A20 (k8) and of the transcription rate constant have a comparable effect 270 on the three measures of the NF-κB dynamics (Figs 6-8 in S1 File). Thus, our choice 271 to vary the transcription rate constant by a factor, i.e. the feedback strength, rather 272 than the translation rate constant does not affect our conclusions.
273 The NF-κB dynamics of the models A-C for the A20 feedback strengths 0.1 and 10 are 274 shown in Fig 4A. In case of a high A20 feedback strength of factor 10, models B and C 275 show a fast and transient increase of NF-κB concentration upon a constant TNFα 276 stimulation (Fig 4A -top) . In model A, NF-κB increases later and to a lesser extent 277 compared to model B and C, yet it decreases to a similar final concentration. In the 278 case of a low A20 feedback strength of factor 0.1 (Fig 4A -bottom) , all three models 279 show an almost identical increase in the NF-κB concentration. However, NF-κB 297 These results reflect the strong influence of the A20 feedback on the deactivation of 298 NF-κB. A high A20 feedback strength causes a stronger and faster deactivation in all 299 three models. Moreover, in model A a strong A20 feedback strength notably reduces 300 and also delays NF-κB activation.
301 The IκBα feedback modulates the effect of the A20 feedback on NF-κB 302 Besides A20, IκBα is an important negative regulator of NF-κB dynamics. We next 303 analyzed whether the interplay of these two feedbacks in the regulation of NF-κB 304 dynamics is similar in the three models. To address this question, we varied the IκBα 319 and IκBα are high (case III), a fast increase can be observed that is followed by a 320 nearly complete decrease of NF-κB concentration at 100 min for all models. For 321 combinations of a high IκBα feedback strength with a low A20 feedback strength (case 322 IV), the decrease in NF-κB concentration is slightly prolonged compared to case III, 323 depending also on the model. These results are in agreement with our earlier finding 324 that higher A20 feedback strengths cause a faster and stronger decrease in NF-κB 325 than lower A20 feedback strengths (Fig 4A) . 346 the maximal concentration of NF-κB, the time of the maximal concentration, and the 500 changes in TNFα concentration are easier to perform experimentally than changes in 501 A20 feedback strength. Our simulations predict for model A that NF-κB levels remain 502 high for stimulation with 100 ng/ml TNFα compared with 10 ng/ml TNFα at later time 503 points (Fig 6A) . In contrast, in models B and C, NF-κB levels decrease faster at later 504 time points upon stimulation with 100 ng/ml TNFα compared to 10 ng/ml TNFα. These 505 predictions are independent of the assumed A20 feedback strengths (Fig 10 in S1 File 519 We validated our model predictions by applying 10 ng/ml, 25 ng/ml and 100 ng/ml 520 TNFα to HeLa cells. The time course measurements of NF-κB's DNA-binding activity 521 by EMSA showed NF-κB dynamics as predicted for model A but not model B or C (Fig   522  6B) . The experiments thus indicate that the implementation of the A20 feedback 523 structure of model A is appropriate to describe the effect of A20 on the dynamics of 524 NF-κB in HeLa cells.
